D_s spectrum and leptonic decays with Fermilab heavy quarks and improved
  staggered light quarks by di Pierro, Massimo et al.
ar
X
iv
:h
ep
-la
t/0
31
00
45
v1
  1
7 
O
ct
 2
00
3
1
Ds spectrum and leptonic decays with Fermilab heavy quarks and
improved staggered light quarks
Massimo di Pierroa, Aida X. El-Khadrab, Steven Gottliebc, Andreas S. Kronfeldd, Paul B. Mackenzied∗,
Damian P. Menscherb, Mehmet B. Oktayb, Masataka Okamotod, and James N. Simoned
aSchool of Computer Science, Telecommunications, and Information Systems, DePaul University,
Chicago, IL 60604
b Department of Physics, University of Illinois, Urbana, IL 61801
c Department of Physics, Indiana University, Bloomington, IN 47405
d Fermi National Accelerator Laboratory, P.O. Box 500, Batavia, IL 60510
We present preliminary results for the Ds meson spectrum and decay constants in unquenched lattice QCD.
Simulations are carried out with 2 + 1 dynamical quarks using gauge configurations generated by the MILC
collaboration. We use the “asqtad” a2 improved staggered action for the light quarks, and the clover heavy quark
action with the Fermilab interpretation. We compare our spectrum results with the newly discovered 0+ and 1+
states in the Ds system.
1. INTRODUCTION
D physics is assuming a larger importance in
lattice QCD and in CKM phenomenology with
the arrival of the CLEO-c charm factory [1].
CLEO-c will measure the leptonic decay con-
stants fD and fDs to an accuracy of around 2%.
It will measure the amplitudes of the semileptonic
decays D → pilν and D → Klν to an accuracy
of around 1%. This will produce new determina-
tions of the CKM matrix elements Vcd and Vcs to
the accuracy that can be achieved in the required
lattice calculations, and new checks of the uni-
tarity triangle. New, precise tests of lattice QCD
will come from the amplitude ratios fD/D → pilν
and fDs/D → Klν. These ratios, which are in-
dependent of the CKM matrix, will provide the
most precise tests in existence of the types of lat-
tice QCD calculations required to extract CKM
matrix elements from B physics and D physics.
The recent discovery of the positive parity part-
ners of the Ds and the D
∗
s [2] has added new in-
terest to the spectrum of the Ds system. The new
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states lie significantly below quark model predic-
tions, and below the DK threshold, so the states
are quite narrow.
2. METHODS
We use the “asqtad” order a2 improved stag-
gered light quark action, and the order a im-
proved Fermilab heavy quark action. In un-
quenched calculations, chiral extrapolation is the
least well controlled remaining source of error.
staggered fermions are the only method currently
able to reach the region ml ∼ ms/5 that seems
to be required to control this error. Using un-
quenched calculations that reach this region, a
number of simple quantities that disagree with
each other at the 10% level in the quenched ap-
proximation come into good agreement [3]. We
use the public MILC unquenched configurations,
with two light and one strange sea quarks, with
properties
• 203 × 64, a ∼1/8 fm,
• (ml,ms) = (0.007,0.05), (0.01,0.05),
(0.02,0.05), (0.03,0.05), (Truems ≈ 0.041.),
2• ∼ 500 configurations at each mass, 4 time
sources each,
as described in [4].
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Figure 1. The Ds correlation function.
With staggered and naive light quarks, the 0+
and 1+ are in the Ds andD
∗
s correlators automat-
ically and unavoidably because of fermion dou-
bling. Naive fermions possess a doubling sym-
metry, ψ → (iγµγ5)(−1)
µψ, that implies that
quarks come in multiples with identical prop-
erties. Local fermion operators connect to all
of these doubled modes. Therefore, because of
the doubling symmetry, an pseudoscalar current
couples to a positive parity scalar state as well:
Ψhγ5ψ → Ψhγ5(iγ0γ5)(−1)
tψ = iΨhγ0ψ(−1)
t.
Oscillating signals for the positive parity states
are present in the correlation functions for the
Ds and D
∗
s mesons, but they are small and hard
to see, as can be seen in fig. 1, Fig. 2 shows the
same correlation function with the leading expo-
nential scaled out. The decay of the oscillating
signal gives the mass of the 0+ state. Because
it is an excited state, the presence of a plateau
is more difficult to ascertain than for a ground
state.
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Figure 2. the Ds correlation function with the
leading exponential scaled out. The exponential
decay of the oscillating signal gives the mass of
the 0+ state.
3. SPECTRUM
The Ds spectrum on the ml,ms = 0.01, 0.05
lattices is shown in fig. 3. Very little dependence
on the sea quark mass is observed. The 0+ and
1+ states lie somewhat above experiment. How-
ever, they are excited states and are somewhat
more sensitive to the choices of the priors for
the higher states in the Bayes fits than are the
ground states. We obtain 0.86 (2) for the hyper-
fine splitting divided by its experimental value.
This may be compared with 0.82 (2) for the hy-
perfine splitting in charmonium. The most likely
source for these errors is the one-loop correction
to O(a) ψΣ · Bψ operator in the clover action.
Since this operator contributes twice to the char-
monium hyperfine splitting and once to the the
Ds hyperfine splitting, it is reasonable to expect
a larger effect in charmonium.
4. LEPTONIC DECAY AMPLITUDE
This work is part of a larger project with the
MILC collaboration. Preliminary results for the
amplitude for leptonic decay of the Ds are shown
in fig. 4 as a function of the sea quark mass (using
3Figure 3. The Ds spectrum on the ml,ms =
0.01, 0.05 lattices.
ms = 0.041). There is little dependence on the
sea quark mass, as expected. The one-loop Fer-
milab heavy-staggered light axial current renor-
malization is in progress [5]. To make an esti-
mate of the one-loop correction, we use the for-
mula ZhlA = ρA
√
ZhhV Z
ll
V [6], using Z
hh
V = 1.33(2)
and Z llV = 0.86(5) [7]. This leads to a current
result for the decay constant of fDs = 240 MeV
+/- O(α). However the order α correction could
be large, potentially as large as 30%. This is to
be compared with Ryan’s unquenched world av-
erage of 250 (30) MeV [8] and the unquenched
NRQCD heavy staggered light result of 289(α2)
[9]. The CKM independent quantity fDs/f
D→K
+
can be formed by combining this result with the
result for the semileptonic amplitude in ref. [7].
Since high precision is the ultimate goal, we will
not quote a result in this early stage of the error
analysis.
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Figure 4. The Ds leptonic decay amplitude as a
function of sea quark mass.
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